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ABSTRACT 


To reduce the size of a multi-carrier transmitter circuit for a 
mobile communication base station, by suppressing instan- 
taneous peak output power to a small value with respect to 
a wide-band signal of a few MHz to tens of MHz so that the 
peak factor of a multi-carrier signal is reduced. In a multi- 
carrier transmitter circuit for modulating carriers with cor- 
responding input signals to generate modulated signals and 
then multiplexing said modulated signals and outputting a 
multiplexed signal, the multi-carrier transmitter circuit is 
equipped with carrier generators 3-1 to 3-n for generating 
each said carrier, modulators 5-1 to 5-n for modulating each 
carrier with each input signal and outputting said modulated 
signal, an adder 6 for multiplexing said modulated signals 
and outputting the multiplexed signal, variable attenuators 
2-1 to 2-n for directly or indirectly adjusting a level of each 
input signal, phase detectors 4-1 to 4-n for detecting a phase 
of each carrier, and a control circuit 7 for controlling the 
variable attenuators 2-1 to 2-n in accordance with the phase 
of each carrier. 

21 Claims, 7 Drawing Sheets 
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MULTI-CARRIER TRANSMITTER CIRCUIT 
AND COMMUNICATION EQUIPMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a multi-carrier transmitter 
circuit that is chiefly used in a mobile communication base 
station. 

2. Description of the Prior Art 

In recent years, with the rapid spread of digital mobile 
communications, the installation of infrastructure including 
base stations has become an urgent necessity. Particularly, in 
cities, small base stations for use in insensitive zones, such 
as the shadows of buildings and subways, are necessary, so 
the existing large-scale base stations are being required to be 
reduced in size. 

A conventional multi-carrier transmitter circuit will here- 
inafter be described with FIG. 6. In FIG. 6, reference 
numeral 501 denotes a public telephone network and 502 an 
exchange. 503-1 to 503 -n denote n base band processing 
circuits, and 504-1 to 504-n denote n modulators. 505 
denotes an adder, 506 a high frequency amplifier, and 507 an 
antenna. 

For the signals being transmitted with the public tele- 
phone network 501 by users, necessary signals are taken out 
through the exchange 502, and are in turn outputted to each 
of n channels. In the base band processing circuits 503-1 to 
503-n, the output n signals are given an appropriate base 
band process, such as a band-limiting filter process. The 
processed n signals (carriers) are modulated by the modu- 
lators 504-1 to 504-n and are analogically added by the 
adder 505. The output from the adder 505 is amplified by the 
high frequency amplifier 506 and is transmitted from the 
antenna 507. 

Also, following a present digital portable telephone, the 
development of a portable telephone adopting a code divi- 
sion multiple access (CDMA) method capable of ensuring 
larger communication capacity has advanced. Since the 
CDMA method is described in "CDMA method and Next 
Generation Mobile Communication System" (Torikeppus 
Series, chapter 1), a detailed description thereof is omitted. 

Such a base station for digital portable telephones 
employs linear modulation and transmits signals through 
multiple carriers, so the transmitter-receiver circuit requires 
strict linearity and a wide dynamic range. 

With FIG. 7, a conventional multi-carrier transmitter 
circuit using the CDMA method will be described. In the 
figure, reference numerals 601 -(1-1) to 601 -(n-k) denote 
kxn channel input terminals, 602-(l-l) to 602-(n-k) denote 
kxn code multipliers, and 603-1 to 603 -n denote n digital 
adders. 604-1 to 604-n denote n modulators and 605-1 to 
605-n denote n carrier generators. 606 denotes an adder, 607 
a code selecting circuit, and 608 an output terminal. 

The kxn channel signals taken out through an exchange 
are input to the channel input terminals 601-(1-1) to 601- 
(n-k). In the code multipliers 602-(l-l) to 602-(n-k), the 
input channel signals are multiplied by the codes selected by 
the code selecting circuit 607, respectively. The k signals of 
the kxn channel signals are added into a single signal by 
each of the digital adders 603-1 to 603-n, and n outputs are 
obtained. The modulators 604-1 to 604-n modulate the n 
outputs and the n carriers generated by the carrier generators 
605-1 to 605-n, respectively. The n modulated signals are 
analogically added by the adder 606, thereby a multi-carrier 
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signal is obtained. This signal is amplified by a high- 
frequency power amplifying circuit and transmitted via an 
antenna. 

Particularly, the transmitter circuit includes a circuit han- 
s dling high power, such as a power amplifying circuit or the 
like, and is designed so that average output power can be 
covered up to instantaneous peak output power with satu- 
rated output power, in order to maintain linearity. In 
addition, since a high transmission rate becomes necessary 
10 for obtaining large communication capacity, the band width 
of a transmitted signal ranges from a few MHz to tens of 
MHz. For this reason, the transmitter circuit needs to employ 
a circuit that can follow a signal change of one-tenth of a 
microsecond. 

However, if the peak factor between the instantaneous 
15 peak output power and the average output power becomes 
greater, the transistor in the used power amplifying circuit 
will be increased in size and therefore there will be a need 
to use an output level reduced greatly from the saturated 
output power. If the level is thus reduced, the ratio (power 
20 conversion efficiency) between the DC supply power to the 
power amplifying circuit and the transmitted power will be 
reduced. 

The reason why in this multi -carrier signal the peak factor 
becomes greater will be described. In general, the multi- 

25 carrier signal includes multiple carriers simultaneously at 
certain frequency intervals, as shown in FIG. 2(d). In FIG. 
2(a), fl is a frequency of the first carrier, £2 is a frequency 
of the second carrier, fn is a frequency of the nth carrier, and 
power is the output power of each carrier. The phase relation 

30 between these carriers varies with the lapse of time. During 
this variation, when two or more of the multiple carriers 
approach the same phase, as shown in FIG. 2(b), the total 
power becomes large instantaneously. In FIG. 2(6), fl is a 
frequency of the first carrier, £2 is a frequency of the second 

35 carrier, fn is a frequency of the nth carrier, I is an in -phase 
axis of the signal, and Q is a quadrature -phase axis of the 
signal. Particularly, as the number of carriers with the same 
phase becomes greater, an instantaneous larger peak output 
power is generated as compared with the average output 

40 power, as shown in FIG. 2(c). In FIG. 2(c), power is the 
output power of each carrier, average power is the average 
power of the synthesized wave of fl-fn, and peak power is 
the instant maximum power of the synthesized wave of 
fl-fh. With respect to such a signal whose ratio of the peak 

45 output power against such an average output power (i.e., 
peak factor) is large, the size of transistors used in the power 
amplifying circuit becomes larger, so that a ratio between 
DC supply power to the power amplifying circuit and 
transmitted power (i.e., power conversion efficiency) will be 

50 reduced. 

Particularly, in the CDMA method the peak factor doubles 
as compared with a conventional time division multiple 
access (TDMA) method. Moreover, since the codes, which 
is the feature of the CDMA-method, is multiplexed, the peak 
55 factor becomes larger. When the number of codes to be 
multiplexed is maximum, the CDMA method has a peak 
factor of about 13 dB. Furthermore, if multiple carriers with 
the codes are further multiplexed, the peak factor will 
become even larger. For this reason, a transmitter circuit, 
60 such as a power amplifying circuit or the like, requires fairly 
strict linearity, as compared with prior art and there is a need 
to employ an element that can output power ten or more 
times the actual operating power. As a result, the circuit scale 
of the transmitter circuit becomes large and the miniatur- 
es ization of a base station becomes difficult. 

Incidentally, as a countermeasure to reduce a peak factor, 
a multi-carrier transmitter circuit employing feedback 
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control, as shown in Japanese Patent Laid-Open Nos, FIG. 2(a) is a diagram showing the frequency spectrum of 

8-274734 and 8-818249, has been proposed. This circuit a general multi-carrier signal; 

adopts feedback configuration. For this reason, when trans- FIG. 2(b) is a diagram showing the phase relation of the 

mitting a signal with a narrow band (a few kHz to hundreds general multi-carrier signal; 

of kHz), the varying speed of the signal is tens of micro- 5 pjQ 2 (c) is a diagram showing a time change in the total 

seconds or more and the circuit can follow the varying of thc mu lti-carrier signal; 

speed, but the circuit cannot follow the varying speed of a . . , . , . . . „ 

widcbandsignalofafewMHztotensofMHzand therefore HO. 3 < fl > 15 a f 0 ™* 1 * P T t?" 1* 

application of this circuit is difficult. mult.-camer signid m the first embodiment controlling the 
rr "10 attenuatlon " arnounts °* me vanable attenuators under the . 

BRIEF SUMMARY OF THE INVENTION same condition as FIG. 2(b); 

. f , T . FIG. 3(b) is a diagram showing a time change in the total 

Object ot the Invention power Qf ^ multi . carrier sigDal m me first embodiment 

The present invention has been made in view of the controlling the attenuation amounts of the variable attenu- 
problems found in the aforementioned conventional multi- 15 ators under the same condition as FIG. 2(b); 
carrier transmitter circuit. Accordingly, the object of the p IG 4 ^ a block dj agram showing a multi-carrier trans- 
present invention is to provide a multi-carrier transmitter m j tter c i rcu it in a second embodiment of the present inven- 
circuit which is capable of achieving circuit miniaturization, t ; oir 

by suppressing instantaneous peak output power to a small FIG. S is a block diagram showing a multi-carrier trans- 

value with respect to a wide-band signal of a few MHz to 20 anothef embodiment of me t inven . 

tens of MHz so that the peak factor of a multi -earner signal . 

j j tion; 
is reduced. 

„ . . .. . 6 is a basic block diagram of a conventional multi- 

The present invention is a multi-carrier transmitter circuit . 4 j 

r j 1 • , ... - * ■ 1 earner transmitter circuit; and 

for modulating carriers with corresponding n input signals 

(where n is an integer of 2 or more) to generate n modulated 25 F f G - 7 is a block diagram of another conventional multi- 
signals and then multiplexing said n modulated signals and earner transmitter circuit, 
outputting a multiplexed signal, the multi-canier transmitter DESCRIPTION OF SYMBOLS 
circuit comprising: 

n carrier generating means for generating each said car- 1-1 to 1-n Input terminal 

rier; 30 2-1 to 2~n Variable attenuator 

n modulating means for modulating each said carrier with 3-1 to 3-n Carrier generator 

each said input signal and outputting said modulated signal; 4-1 to 4-n Phase detector 

' multiplexing means for multiplexing said n modulated 5_Q Modulator 

signals and outputting said multiplexed signal; j* ™der . 

1 i ■ c j ■ *i * j * *i j- t ■ 35 7 Control circuit 

level varying means for directly or indirectly adjusting a ^ Output terminal 

level of each said modulated signal; 9 ^ 

n carrier phase detecting means for detecting a phase of 10 . 1 t0 10 . m Channcl input terminal 

each said carrier; and 20-1 to 20-m Code multiplier 

control means for controlling said level varying means in 40 Al to An Digital adder 
accordance with the phase of each said canier detected by 

each said carrier phase detecting means. DETAILED DESCRIPTION OF THE 

According to the first present invention, the miniaturiza- PREFERRED EMBODIMENTS 

tion of a transmitter circuit becomes possible, by suppress- ^ embodiments of me present invention will hereinafter 

ing instantaneous peak output power to a small value with 45 be described ^ reference t0 ^ drawin 
respect to a wide-band signal of a few MHz to tens of MHz 

so that the peak factor of a multi-carrier signal is reduced. First Embodiment 

That is, the multi-carrier transmitter circuit of a first „ , „ , . . ... . 

present invention previously detects the phase of each j a firs | -embodiment of the present invention will be 
modulated signal of a multi-canier signal, predicts the phase so described with reference to FIGS. 1 to 3. 
relation of each modulated signal indicating instantaneous FIG- 1 * a block diagram showing a multi-camer trans- 
peak output power, and directly or indirectly adjusts the milter circuit in the first embodiment of the present inven- 
level of each modulated signal in accordance with the phase tion. In the diagram, reference numerals 1-1 to 1-n denote n 
relation. With this, the level of each modulated signal in a input terminals, 2-1 to 2-n denote n variable attenuators 
relation of the same phase or a relation close to that is 55 (corresponding to level varying means of the present 
lowered to reduce the peak factor of the multi-carrier signal. invention), 3-1 to 3-n denote n carrier generators 
With this, the saturated output power of a power amplifier (conesponding to carrier generating means of the present 
can be reduced, so that element size can be reduced. As a invention), 4-1 to 4-n denote n phase detectors 
result, the size of the transmitter circuit including the power (conesponding to earner phase detecting means of the 
amplifier can be reduced. 60 present invention), and 5-1 to 5-n denote n modulators 

(corresponding tomodulating means of the present 

BRIEF DESCRIPTION OF THE DRAWINGS invention) Reference numeral 6 denotes an adder 

The above and other objects and advantages will become (corresponding to multiplexing means of the present 

apparent from the following detailed description when read invention), 7 a control circuit (corresponding to control 

in conjunction with the accompanying drawings in which: 65 means of the present invention), and 8 an output terminal. 

FIG. 1 is a block diagram showing a multi-carrier trans- In FIG. 1, n signals input with equal power to the input 

mitter circuit in a first embodiment of the present invention; terminals 1-1 to 1-n (conesponding to input signals of the 
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present invention) are passed through the variable attenua- 
tors 2-1 to 2-n and attenuated by predetermined amounts of 
attenuation, respectively. The attenuated signals are input to 
the modulators 5-1 to 5-n, which in turn modulate carriers 
generated with the carrier generators 3-1 to 3-n 
(corresponding to carriers of the present invention), by the 
n input signals. The outputs of the modulators 5-1 to 5-n 
(corresponding to modulated signals of the present 
invention) are added with the adder 6, The output of the 
adder 6 (corresponding to a multiplexed signal of the present 
invention) is output to the output terminal 8. 

Here, the procedure of attenuating the input signals with 
the variable attenuators 2-1 to 2-n will be described. The 
phase detectors 4-1 to 4-n previously detect the phases of the 
carriers output from the carrier generators 3-1 to 3-n, for 
example, by employing a warming period before actual 
transmission. The phase relation varies according to the time 
that elapsed since phase detection was performed, but if the 
frequency of each carrier is known, it is possible to predict 
the phase relation at the time. Based on information about 
the detected phases, the control circuit 7 predicts the phase 
relation between carriers and controls the amount of attenu- 
ation of each of the variable attenuators 2-1 to 2-n in 
accordance with the predicted phase relation. 

For the control of the attenuation amount, a description 
will hereinafter be made in detail with FIGS. 2 and 3. FIG. 
2 is a diagram showing a conventional, general multi-carrier 
signal. FIG. 2(a) is a diagram showing the frequency spec- 
trum of the general multi-carrier signal, FIG. 2(b) is a 
diagram showing the phase relation of the general multi- 
carrier signal, and FIG. 2(c) is a diagram showing a time 
change in the total power of the general multi-carrier trans- 
mission signal. 

FT G. 3 is a diagram showing a multi -carrier signal in the 
first embodiment of the present invention, FIG. 3(a) is a 
diagram showing the phase relation of the multi-carrier 
signal in the first embodiment controlling the attenuation 
amounts of the variable attenuators under the same condition 
as FIG. 2(b), and FIG. 3(b) is a diagram showing a time 
change in the total power of the multi-carrier signal in the 
first embodiment controlling the attenuation amounts of the 
variable attenuators under the same condition as FIG. 2(b). 
Note that the frequency spectrum of the multi-carrier signal 
in the first embodiment is the same as FIG. 2(a). In FIG. 
3(a), fl is a frequency of the first carrier, O is a frequency 
of the second carrier, fn is a frequency of the nth carrier, I 
is an in-phase axis of the signal, and Q is a quadrature-phase 
axis of the signal. In FIG. 3(b), power is output power of 
each carrier, average power is the average power of the 
synthesized wave of fl-fn, and peak power is instant maxi- 
mum power of the synthesized wave of fl-fn. 

As described in the description of the related art, generally 
the multi-carrier signal includes multiple carriers simulta- 
neously at certain frequency separations. The phase relation 
between these carriers varies with the lapse of time. During 
this variation, when two or more of the multiple carriers 
approach the same phase, the total power becomes large 
instantaneously. Particularly, as the number of carriers hav- 
ing the same phase becomes greater, instantaneous larger 
peak output power is generated. With respect to such a signal 
whose peak factor is large, the size of transistors used in the 
power amplifying circuit becomes larger, so that a ratio 
between DC supply power to the power amplifying circuit 
and transmitted power (i.e., power conversion efficiency) 
will be reduced. 

Hence, in a phase relation such as that shown in FIG. 2(b), 
the amplitudes of fl and f2 are suppressed and the ampli- 
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tudes of frequencies other than those are increased, while the 
phase relation is being held as shown in FIG. 3 (a). With this, 
the peak of the total power can be suppressed low as shown 
in FIG. 3(b). The reason why the amplitudes of the other 
S frequencies are increased is that the total power is balanced 
as a whole. 

The control circuit 7 is used for controlling the attenuation 
amounts of the variable attenuators 2-1 to 2-n so that they 
correspond to the amplitudes of the frequencies in FIG. 3(b). 

30 Thus, by suppressing low the peak output power of the total 
power with respect to the average output power, the size of 
transistors used in the power amplifying circuit can be 
reduced and the power conversion efficiency of the power 
amplifying circuit can be enhanced. 

15 In the first embodiment, it has been described that the 
level varying means of the present invention is connected to 
the input side of the modulator as a variable attenuator and 
the level of each modulated signal is indirectly adjusted by 
adjusting the level of each input signal of the present 

20 invention. However, the present invention is not to be 
limited to this. For example, the level varying means may be 
connected to the output side of the modulator to directly 
adjust the level of each modulated signal of the present 
invention. It may also be connected to the output side of the 

25 carrier generator to modulate of each carrier of the present 
invention. Even if the level of each modulated, signal of the 
present invention were indirectly adjusted in this manner, 
the same effect will be obtainable. 

30 In short, if the level varying means is a means of directly 
or indirectly adjusting the level of each modulated signal of 
the present invention, the same effect will be obtained. Also, 
even a combination with a variable gain amplifier can obtain 
the same effect. 

35 In addition, in the first embodiment of the present 
invention, if the digital adders 603-1 to 603-n of FIG. 7 are 
connected at a ratio of 1:1 to the input terminals 1-1 to 1-n, 
this embodiment will be applied to a multi-carrier transmit- 
ter circuit using the CDMA method. The example is shown 

4Q in FIG. 5. 

Second Embodiment 

Now, a second embodiment of the present invention will 
be described with reference to the drawings. The difference 

45 between this embodiment and the aforementioned first 
embodiment is that this embodiment is further equipped 
with code modulating means, code selecting means, and 
preparation multiplexing means. Therefore, this embodi- 
ment is the same as the first embodiment, as long as a 

50 description is not particularly made. For parts given the 
same reference numerals as the first embodiment, the parts 
have the same function as the first embodiment, as long as 
a description is not particularly made. 
FIG. 4 is a block diagram showing a multi-carrier trans- 

55 mitter circuit in the second embodiment of the present 
invention. In the diagram, reference numerals 10-1 to 10-m 
denote m channel input terminals and 20-1 to 20-m denote 
m code multipliers (corresponding to code modulating 
means of the present invention). 9 is a code selecting circuit 

60 (corresponding to code selecting means of the present 
invention) that selects a code to be given to each code 
multiplier in accordance with a designate from a control 
circuit 7, and Al to An are n digital adders (corresponding 
to preparation multiplexing means of the present invention) 

65 that digitally add the outputs of the code multipliers of 
predetermined number of channels in accordance with a 
designate from the control circuit 7. 
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In FIG. 4, channel signals with an equal amplitude input signal does not exceed a predetermined value. In addition, 

to the channel input terminals 10-1 to 10-m (corresponding when there is a demand that, conversely, output should not 

to preparation input signals of the present invention) are be reduced to a predetermined level and below, the control 

multiplied by codes specified by the code selecting circuit 9 means may determine the level of each modulated signal so 

with the code multipliers 20-1 to 20-m. The channel signals s that the level of the multiplexed signal becomes larger. That 

multiplied by codes (corresponding to preparation coded me contro1 means of P resent invention will be 

signals of the present invention) are input to the digital sufficient if xt can control the level varying means in accor- 

adders Al to An specified-by the control circuit 7 and are dance ™f ^ P hase of each camer detccted b * each carner 

digitally added and multiplexed. The multiplexed channel P ha f e Electing means. . 

signals (corresponding to input signals of the present 10 Note that the present invention is not to lunited to 

"invention) are input to modulators 5-1 to 5-n. The operation CDMA method, but as a^so applicable^other mfi-carner 

* iL j i * « 1 * e • methods, such as a FDMA method, a TDM A method or the 

after the modulators 5-1 to 5-n is performed in the same way ^ 

as the first embodiment. ' ., t ... , . . 

Furthermore, the transmitter according to the present 
Here, the procedure of specifying channel signals that are invention is provided with the above described multi-carrier 
input to the digital adders Al to An by the control circuit 7 15 transmitter circuit ^ wc n ^ a n j gh frequency amplifying 
will be described. The phase detectors 4-1 to 4-n previously circuit for amplifying the output of the multi-carrier trans- 
detect the phases of the carriers output from the carrier mitter circuit as shown in FIG. 6 and an antenna for 
generators 3-1 to 3-n, for example, by employing a warming transmitting the amplified signal to outside, 
period before actual transmission. The phase relation varies As apparent from the foregoing description, the present 
according to the time that elapsed since phase detection was 20 invention can provide a multi-carrier transmitter circuit 
performed, but if the frequency of each carrier is known, it which is capable of achieving circuit miniaturization, by 
is possible to predict the phase relation at the time. Based on suppressing instantaneous peak output power to a small 
information about the detected phases, the control circuit 7 value with respect to a wide-band signal of a few MHz to 
predicts the phase relations between carriers. In accordance tens of MHz so that the peak factor of a multi-carrier signal 
with the predicted phase relations, the code selecting circuit 25 is reduced. 

9 selects codes that are assigned to the channel signals. The That is, the multi-carrier transmitter circuit of the present 

selected codes are given to the code multipliers 20-1 to invention previously detects the phase of each carrier of a 

20-m, respectively. Furthermore, the control circuit 7 speci- multi-carrier signal, predicts that the phases of two or more 

fies the number of channel signals that are added to the n caf ners is the same phase when the detected phase is in a 

digital adders A-l to A-n, in accordance with the predicted 30 phase relation indicating instantaneous peak output power, 

phase relations. The control circuit 7 determines this number and controls the level of each modulated signal. With this 

r 4l _ 4 4 . . -t . v# . * fU with respect to a wide-band signal of a few MHz to tens or. 

so that the number corresponds to the amplitudes of the WT t • * * i * * * a ♦ 

>y/i \ j *l j * ii_ a 4. i i • . MHz, instantaneous peak output power is suppressed to a 

frequencies of FIG. 3(b) described in the first embodiment. ^ ^ aQd ^ ^ fact0f of ^ muIti . carrier signal is 

With this, the multiplexed input signals to the modu ators reduced) whefeb mmiaturization of the transmit ter circuit 

5-1 to 5-n are determined by the number of the multiplexed Ji t, ecomes possible 

channel signals. Since this number is determined by the WhUe ^ pfesent invention has been deS cribed with 

phase relation between carriers, the same effect as the nrst rc f ercnce to the preferred embodiments thereof, the inven- 

embodiment is obtainable. tion ^ not to be H m it e d to the details given herein, but may 

Notice that the aforementioned selection of codes are be modified within the scope of the appended claims, 

performed so that codes do not match each other between the 40 What is claimed is: 

channel inputs connected to the same digital adder A. 1. A multi-carrier transmitter circuit for modulating car- 
Asa method of adjusting the level of a modulated signal, riers with corresponding n input signals (where n is an 
in FIG. 4 a method of adjusting the level of an encoded inte g er of 2 or more ) 10 generate n modulated signals and 
signal by a phase is possible in addition to the aforemen- 4< men multiplexing said n modulated signals and outputting a 
tioned method multiplexed signal, the multi-carrier transmitter circuit com- 

As another method of adjustment, a method of adjusting pnsing. 
the level of a modulated signal by adjusting the code Q camer generating means for generating each said car- 
selected by the code selecting circuit 9 is possible. ner > 

In the second embodiment, if it is assumed that m is a so n ^^ulating means for modulating each said carrier with 

multiple of n and that, in the initial state, lines are connected each said m P ut sl S nal and °utputting said modulated 

so that the digital adders A-l to A-n multiplex m/n channel signal; 

signals into a single multiplexed signal, then this embodi- multiplexing means for multiplexing said n modulated 

ment will be applied to the multi-carrier transmitter circuit S1 g nals "id outputting said multiplexed signal; 

using the CDMA method. 55 level varying means for directly or indirectly adjusting a 

In the aforementioned first and second embodiments, it level of cach said modulated signal; 

has been described that when the phases of two or more n carrier phase detecting means for detecting a phase of 

carriers are in a predetermined relation including a relation eacn carrier; and 

of the same phase, the control means of the present invention control means for controlling said level varying means in 

determines the level of each modulated signal so that the 60 accordance with the phase of each said carrier detected 

level of a multiplexed signal becomes smaller compared by each said carrier phase detecting means, 

with the case where adjustments by the level varying means 2. The multi-carrier transmitter circuit as set forth in claim 

is not performed, and controls the level varying means so 1, further comprising 

that the level of each modulated signal reaches the deter- m code modulating means for generating m preparation 

mined level. But, when the allowable maximum value of the 65 encoded signals (where m is an integer of n or more), 

peak power is set, the control means may determine the level by encoding m preparation input signals by correspond- 

of each modulated signal so that the level of the multiplexed ing codes; 
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code selecting means for selecting said code for each said the level of each said modulated signal is decided so that 

preparation input signal; and the level of said multiplexed signal may be smaller as 

n preparation multiplexing means for multiplexing said m compared with the case where any adjustment is not 

preparation encoded signals to generate said n input performed by said level varying means, and said level 

signals. 5 varying means is controlled to obtain the predetermined 

3. The multi-carrier transmitter circuit as set forth in claim level. 

1, wherein said level varying means indirectly adjusts the 13. The multi-carrier transmitter circuit as set forth in 
level of each said modulated signal, either by adjusting the claim 4 w h cr ein when the phase relation of said two or more 
level of each said input signal or by adjusting the level of carriers is a certain relation including the same phase, 

^ 4- Thel C ult?-carrier transmitter circuit as set forth in claim 10 the ^ °f e f h s * id signal is decided so that 

2, wherein said level varying means indirectly adjusts the to levcl ° f sa ^ multiplexed signal may be smaller as 
level of each said modulated signal, either by adjusting the compared with the case where any adjustment is not 
level of each said input signal or by adjusting the level of performed by said level varying means, and said level 
each said carrier. varying means is controlled to obtain the predetermined 

5. The multi-carrier transmitter circuit as set forth in claim 15 level. 

2 wherein 14. The multi-carrier transmitter circuit as set forth in 

' said level varying means indirectly adjusts the level of claim 10, wherein the level of each said modulated signal is 

each said modulated signal by switching connections of decided so that the level of said multiplexed signal docs not 

lines through which each said preparation encoded exceed the predetermined value. 

signal is input to each said preparation multiplexing 20 IS. The multi-carrier transmitter circuit as set forth in 

mean, and claim 11, wherein the level of each said modulated signal is 

said control means determines the number of said prepa- decided so that the level of said multiplexed signal does not 

ration encoded signals that each said preparation mul- exceed the predetermined value. 

tiplexing means multiplexes, in accordance with the 16. The multi-carrier transmitter circuit as set forth in 

phase of each said carrier detected by each said carrier 25 c i a i m 12, wherein the level of each said modulated signal is 

phase detecting means, thereby controlling said level decided so that the level of said multiplexed signal does not 

varying means; and exceed the predetermined value, 

said code selecting means selects said codes, based on 17. The multi-carrier transmitter circuit as set forth in 

said switching of connections. c i a i m 13, wherein the level of each said modulated signal is 

6. The multi-carrier transmitter circuit as set forth in claim 30 decided so that the level of said multiplexed signal does not 
2, wherein said level varying means adjusts the level of each exceed the predetermined value. 

said modulated-signal, by adjusting the levels of m prepa- 18 A communication device for performing communica- 

ration input signals before they are encoded. tion comprising: 

7. The multi-carrier transmitter circuit as set forth in claim . . . ■ nc . r iU ■ or%xt r 

t j. * * l 1 1 c *j a multi-earner transmitter circuit as set forth in any 01 

2, wherein said level varying means adjusts the levels of said 35 c i a i m i- 

modulated signal by adjusting said codes. . ' . lf , , 4 , - 

8. The multi-carrier transmitter circuit as set forth in claim a frequency amplifier for amplifying the outputs of 
5, wherein said m is a multiple of n, and in an initial state, said multi-earner transmitter circuit; and 

lines are connected so that each said preparation multiplex- an antenna for transmitting the output of said high fre- 

ing means multiplexes m/n preparation encoded signals of 40 quency amplifier. 

said preparation encoded signals and generates a single 19. A communication device for performing communica- 

multiplexed signal. lion comprising: 

9. The multi -carrier transmitter circuit as set forth in claim a multi-carrier transmitter circuit as set forth in any of 
2, wherein said level varying means indirectly adjusts the claim 2; 

level of each said modulated signal by adjusting the level of 45 a high frequency amplifier for amplifying the outputs of 

each said preparation encoded signal. said multi-carrier transmitter circuit; and 

10. The multi-carrier transmitter circuit as set forth in an ante nna for transmitting the output of said high fre- 
claim 1, wherein when the phase relation of said two or more quency amplifier. 

carriers is a certain relation including the same phase, 20. A communication device for performing communica- 

the level of each said modulated signal is decided so that 50 tion comprising: 

the level of said multiplexed signal may be smaller as a multi-carrier transmitter circuit as set forth in any of 

compared with the case where any adjustment is not claim 3* 

performed by said level varying means, and said level a M h fre ^ amplifier for amplifying the outputs of 

varying means is controlled to obtain the predetermined ^ said millti . carri er transmitter circuit; and 

11. The multi-carrier transmitter circuit as set forth in * an antenna for transmitting the output of said high de- 
claim 2, wherein when the phase relation of said two or more quency amp 1 er. . 

carriers is a certain relation including the same phase, (io^c^™,™ 8110 * P erformln g commuruca- 

the level of each said modulated signal is decided so that 10n com P nsin S- 

the level of said multiplexed signal may be smaller as 60 a multi-earner transmitter circuit as set forth in any of 

compared with the case where any adjustment is not claim 4; 

performed by said level varying means, and said level a high frequency amplifier for amplifying the outputs of 

varying means is controlled to obtain the predetermined said multi -carrier transmitter circuit; and 

level. an antenna for transmitting the output of said high fre- 

12. The multi-carrier transmitter circuit as set forth in 65 quency amplifier, 
claim 3, wherein when the phase relation of said two or more 

carriers is a certain relation including the same phase, * + + + * 


07/23/2004, EAST version: 1.4.1 


